Background
The 2012 joint position statement from the American Diabetes Association and European Association for the Study of Diabetes for the management of hyperglycemia in type 2 diabetes mellitus (T2DM) recommends a patient-centered approach, whereby the decision-making process involves consideration for the attitudes, preferences, and expectations of each patient to individualize treatment. 1 To encourage patient adherence to pharmacologic therapies and healthy behaviors that promote achievement of glycemic goals, it is suggested that everyone with T2DM receives standardized general diabetes education, with a focus on dietary interventions and physical activity to promote weight loss or weight maintenance. Pharmacologic therapy should aim to reduce glycated hemoglobin (HbA 1c ) levels ,7.0% for most patients to prevent the development of T2DM-related complications, although the HbA 1c target should be individualized based on each patient's characteristics. 1 There is value in predicting which individuals with T2DM are likely to consistently perform self-care behaviors (eg, dietary and physical activity behaviors), as increasing these behaviors may lead to better outcomes. 2 Individuals motivated to follow a diabetes self-care regimen are able to overcome barriers (eg, access to healthy foods); are successful in achieving outcomes, such as weight loss, lower blood pressure, or consistent control of HbA 1c ; and may be more likely to adhere to healthy lifestyle changes. 3 When individuals with T2DM experience noticeable benefits that are meaningful and important to them, they may be motivated to increase the frequency with which they engage in healthy self-care behaviors. 4 Continuing to engage in healthy behaviors can lead to further benefits, which will in turn reinforce healthy behaviors, and ultimately lead to better outcomes. 5 As part of the planning for Phase III clinical trials of a novel antihyperglycemic agent, several questionnaires were selected to explore end points that would account for the central role of patient behaviors with respect to T2DM outcomes. Numerous conceptual models were identified that assess modifiable beliefs, attitudes, and intentions that affect the likelihood that individuals will undertake health-related actions. 6, 7 However, there was no disease-specific measure available that was relevant for use among individuals with T2DM. Such a measure of intentions and determinants of intentions would be valuable for applied research and in the clinical trial setting. Therefore, we initiated a process to develop a brief, but psychometrically sound, tool to measure such cognitions based on research showing that adding selfreported measures of attitudes and intentions can increase the capacity of models to predict health behaviors. 8, 9 This measure, called the Diabetes Intention, Attitude, and Behavior Questionnaire (DIAB-Q), was developed as an instrument to evaluate key T2DM self-care behaviors (Supplementary material). The DIAB-Q was designed to assess five psychological constructs related to physical activity, dietary behavior, and weight loss, as well as assessing the following current behavior patterns: 1) Subjective Norm (ie, social pressure that results from perceived expectations of family, friends, and health care professionals), 2) Attitude, 3) Perceived Behavioral Control (PBC), 4) Intention, 5) Planning, and 6) Behavior (Figure 1 ). 10 The objectives of the current study were to assess the content and clarity of the draft DIAB-Q for use with adults with T2DM and to evaluate its scale structure and measurement properties, including test-retest reliability, convergent validity, and known-groups validity, as well as provide an estimate of the minimal clinically important change (MCIC).
Methods

DiAB-Q development
Consideration and evaluation of available cognition models revealed that the Theory of Planned Behavior (TPB) 11 has been most widely applied and that meta-analytic reviews have indicated that the TPB is better able to predict physical activity and dietary behaviors than other models. 12, 13 In addition, Ajzen has provided clear guidelines for the use of the TBP in predictive studies. 10 The TPB represents behavior as following directly from intentions, but not all intentions are enacted, and changing intentions does not necessarily result in changed behavior. 14 Various studies suggest that planning may enhance enactment of intentions. 8, 15 The DIAB-Q was developed using TPB question stems 10 to measure self-care behaviors of specific importance for individuals with T2DM. Each item of the DIAB-Q was drafted based on information from various literature sources and input from health care professionals and patients. Patient input was obtained from qualitative research performed in people with and without T2DM to understand their attitudes toward behaviors, such as weight loss and physical activity, and as part of exit interviews conducted at the completion of a Phase II clinical study in individuals with T2DM. 16 The literature used was based on recognized best practices in the development of patient-reported outcome measures. Validated instruments were also used as a guide in the development of content relevant to self-care behaviors that are important for patients with T2DM, including the Summary of Diabetes Self-Care Activities (SDSCA), 17 the Short Form-36 version 2 acute (SF-36) questionnaire, 18 and Multidimensional Diabetes Questionnaire (MDQ). 19 Patient Preference and Adherence 2016:10 submit your manuscript | www.dovepress.com
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DiAB-Q assessments
This research was conducted in two stages. First, in-depth interviews were undertaken with a small sample of adults with T2DM to confirm the appropriateness of the content and clarity of a draft version of the DIAB-Q. Then, a larger group of individuals with T2DM completed an online version of the DIAB-Q to provide quantitative data to be used to evaluate its scale structure and measurement properties. Both stages of the study received institutional review board approval, and all respondents provided written informed consent.
study population
Participants were recruited by Harris Interactive from their proprietary Chronic Illness Panel, eRewards, and Toluna databases. To be eligible, participants (via self-report) should be $18 years old, diagnosed with T2DM and taking a T2DM medication, and have a body mass index (BMI) of 20 to #45 kg/m 2 . If the participant had been diagnosed with anxiety or depression, there could be no dosage change in anxiety/depression medications in the past 3 months. Participants were excluded if they had been diagnosed with type 1 
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Traina et al diabetes mellitus, major depressive disorder, a personality disorder, or an eating disorder in the past 3 months; were currently taking antipsychotics; were currently pregnant or pregnant within the prior 12 months; or had a previous or scheduled gastric bypass surgery, lap band, or liposuction. study procedures -qualitative research (stage i) Respondents were contacted by telephone and screened for eligibility. If eligible, in-person interviews were conducted in the first round, followed by telephone interviews. Cognitive interviews were conducted using an iterative process. Respondents were recruited in blocks of six to eight participants. After each block of respondents was interviewed, the moderator and the research team met to discuss what new data had been mentioned by the block of respondents to determine whether revisions to the study materials (eg, interview guide) were needed. All interviews were conducted using semi-structured questions to guide the interview, including questions on each respondent's general understanding of the DIAB-Q items/instructions and relevance of items and time frame. Specifically, the interview started with an introduction on the research process and purpose of the interview, a statement of confidentiality, and a review of the respondent's health conditions. Participants were then asked to review the DIAB-Q and provide their feedback in terms of its understandability, clarity of items, and interpretation of item wording (eg, What type of exercise did you think of when you read the question? Did you have difficulty remembering your activities or motivation in the last 7 days? Have you ever followed a diabetes diet? etc). Interviews lasted 50-60 minutes and were transcribed and coded for analysis. Respondents were remunerated for their time ($85.00 USD for in-person interviews and $75.00 for telephone interviews).
Analysis of data from Stage I was based on coding of interview transcripts. Initial reports were provided by moderators and then, based on the findings from the first round of interviews, interviewers developed codes for specific questions and iteratively applied these codes to analyze results from all of the interviews. Final results were tallied and tabulated. study procedures -online questionnaire (stage ii) Potential respondents identified by Harris Interactive were emailed an invitation with a link to the online screener. The individuals who participated in Stage I were not eligible to participate in Stage II. If eligible, respondents completed an online questionnaire, including the DIAB-Q, the SF-36, 18 section III of the MDQ, 19 the SDSCA questionnaire, 17 items relevant to the treatment and management of T2DM (eg, whether they know their blood pressure or HbA 1c ), and background demographic items.
To assess test-retest reliability, 3-7 days after completing the first questionnaire, all respondents were asked to complete the DIAB-Q again. The 3-to 7-day interval was selected to be short enough not to anticipate clinical changes and to be within the 1-week recall period of the DIAB-Q. To ensure that these analyses only included individuals who did not experience a change in health status between the initial and the follow-up administration of the DIAB-Q, respondents were asked whether they had a routine doctor's appointment, were sick, had to go to the hospital, were diagnosed with an illness, had a change in diabetes or other medication, or lost or gained $3 pounds between the time of the initial and follow-up survey.
DiAB-Q scoring
The DIAB-Q includes 17 items covering six psychological constructs: Subjective Norm (items 5, 11, and 16), Attitude (items 4, 10, and 15), PBC (items 6, 12, and 17), Intention (items 2, 8, and 13), Planning (items 3, 9, and 14), and Behavior (items 1 and 7). The recall period is the past week, and responses are rated on seven-point scales (eg, "strongly disagree" to "strongly agree" or "not at all valuable" to "extremely valuable"). Raw scores are calculated as the sum of the individual item scores. Scores are then transformed to a 0-100 scale, with higher scores indicating higher levels of engagement in beneficial behaviors. For example, higher Planning scores indicate a higher likelihood to plan to engage in self-care.
statistical methods
Confirmatory factor analysis (CFA) was conducted to evaluate the conceptual model using data from the initial online questionnaire sample (n=1,015). Model fit was evaluated based on recommended standards: 20 comparative fit index (CFI; criteria .0.900), Tucker-Lewis index (TLI; criteria .0.900), root mean square error of approximation (RMSEA; criteria ,0.060), and standardized root mean square residual (SRMR; criteria ,0.080). Modification indices were used to improve the overall fit of the model. CFAs were conducted using Mplus Version 6.11. 21 All additional analyses were conducted with SPSS Version 19.0.0 using the initial online questionnaire sample.
Floor and ceiling effects were considered to be present if .15% of respondents had either the lowest (0) or the highest (100) scale score. 22 Internal consistency reliability was calculated using Cronbach's alpha for all scales. 23 Test-retest reliability was evaluated using the intraclass correlation coefficient (ICC), with $0.70 considered acceptable. 24 Test-retest analyses were restricted to respondents who indicated no change in health status during the 3-to 7-day period between the initial and the follow-up questionnaires and excluded 289 respondents who reported at least one healthrelated change, including that they had a routine doctor's appointment (n=144), lost $3 pounds (n=141), had been sick (n=46), had a change to medication other than diabetes medication (n=42), gained $3 pounds (n=23), were diagnosed with an illness (n=21), had a change in diabetes medication (n=20), or had to go to the hospital (n=12) during this time period.
Convergent and divergent validities were evaluated by calculating Pearson's correlation coefficients for DIAB-Q constructs, items from the SDSCA and MDQ, and SF-36 component scores based on the results of the initial surveys and follow-up surveys that were conducted 1 year later.
Known-groups validity analyses were conducted to determine whether the DIAB-Q was able to distinguish between people known to differ based on self-reported clinical factors. Respondents were categorized based on BMI categories (based on self-reported weight and height; ,25, 25-29.9, 30-39.9, and $40 kg/m 2 ), 25 most recent self-reported HbA 1c level (respondents could choose from HbA 1c options of #6.0%, 6.1%-6.5%, 6.6%-7.0%, 7.1%-7.5%, 7.6%-8.0%, and .8.0%), and self-rated diabetes severity ("mild", "moderate", and "severe"). Analysis of variance was conducted to compare BMI, HbA 1c , and disease severity groups on DIAB-Q scores. Pairwise comparisons between groups were based on Tukey's b post hoc tests, 26 which controls alpha levels for multiple comparisons.
The MCIC was estimated using a distribution-based approach using three methods: 1 standard error of measurement, 0.5 standardized effect size, and 0.5 responsiveness statistic. Although all three values were considered in establishing the MCIC, greater weight was given to the standard error of measurement because of its relevance to measurement precision. 27 Respondents were categorized based on responses to the SF-36 general health and transition health items in order to compare groups differing in terms of health status.
Results
stage i qualitative interview results
Twenty-three interviews were conducted during Stage I (16 in-person and seven telephone). The majority of subjects were female (57%), aged 18-45 years (52%), and Caucasian (61%). Mean BMI was 32.1 kg/m 2 .
Respondents found the instructions, items, and response options in the DIAB-Q to be brief, yet comprehensive, clear, and easy to complete. The consistent use of a seven-point scale (ie, respondents had the same number of response choices for all items) facilitated selection of answers across questions; respondents did not express confusion even when the response options changed. Comments were provided, but they were not substantive enough to warrant modifications to the draft items. In general, respondents endorsed the concepts in the DIAB-Q as being relevant to their intentions to engage in diabetes-related self-care activities.
For the questions related to physical activity, instrument instructions broadly define exercise as including aerobic exercise, strength or resistance training, flexibility or stretching exercises, and activities of daily living (such as choosing to take the stairs instead of the elevator). When recording their survey answers, 35% of respondents indicated that they were thinking of exercise as a planned, purposeful, rigorous activity to raise heart rate and burn sugars, whereas 57% were thinking of exercise as day-to-day non-strenuous physical activity; 9% of respondents considered the term exercise to include both of these definitions. More than half of respondents (61%) had agreed to engage in a specific exercise regimen to manage their T2DM based on recommendations from a doctor or other health care professional. Typical regimens included both rigorous and non-rigorous physical activities.
During the patient interviews that were to develop the DIAB-Q, it was observed that people with T2DM frequently used the term "diabetes diet" to describe their eating plans. Thus, the term "diabetes diet" was used in relevant items in the instrument and was defined as guidelines for food choices that reduce sugar and carbohydrate intake, focusing on both what to eat and what not to eat. Most respondents (91%) indicated that they followed a specific diabetes diet. A small number of respondents commented that, for items related to their desire to follow a diabetes diet, they were uncertain how to define "desire" and how to accurately reflect differences between needing and wanting to follow a diabetes diet.
Interpretations of the questions related to weight loss and weight management were highly consistent and accurate. However, a few respondents reported difficulty accurately expressing whether their family, friends, or health care professionals expect them to lose weight because of the inclusion of three different types of people within the same question (eg, family and friends may have different expectations than health care providers).
stage ii demographics
For the online questionnaire, 1,015 respondents completed the baseline questionnaire, and 814 completed the retest questionnaire 3-7 days later. Demographic characteristics are summarized in Table 1 .
Confirmatory factor analysis
Fit indices for the initial DIAB-Q conceptual framework model indicated a poor fit (standards for establishing a good fit are in parentheses), suggesting that the data did not conform well to the conceptual model: CFI (.0.90) =0.477, TLI (.0.90) =0.316, RMSEA (,0.06) =0.218, and SRMR (,0.08) =0.142. Examination of modification indices suggested that items with similar content (ie, exercise = items 1-6, diet = items 7-12, and weight = items 13-17) were correlated. The CFA model was modified to allow correlated residuals between these items, which did not change the scoring of the instrument. With this modification, a good model fit was obtained: CFI =0.987, TLI =0.971, RMSEA =0.044, and SRMR =0.031.
Floor and ceiling effects
The percentage of DIAB-Q construct scores at the lowest value (floor) ranged from 0% to 6%, whereas the percentage at the highest value (ceiling) ranged from 3% to 33% (only one construct, PBC, exceeded 15%).
internal consistency and test-retest reliability
Internal consistency was determined based on Cronbach's alpha coefficients for all constructs using data from all respondents. Test-retest reliability scores based on ICCs were calculated for the 529 respondents who did not have a change in health status from baseline to retest 3-7 days later. Cronbach's alpha coefficients for the DIAB-Q constructs were 0.66 (Subjective Norm), 0.63 (Attitude), 0.68 (PBC), 0.46 (Intention), 0.61 (Planning), and 0.30 (Behavior). ICCs were as follows: 0.71 (Subjective Norm), 0.81 (Attitude), 0.63 (PBC), 0.78 (Intention), 0.83 (Planning), and 0.84 (Behavior). Table 2 displays correlations between DIAB-Q psychological constructs and SF-36 physical component summary (PCS) and mental component summary (MCS), SDSCA items, and MDQ self-efficacy scores for the 1,015 respondents who completed initial surveys and for a sample consisting of 560 of the original respondents who could be contacted and were willing to complete the surveys again 1 year later. With few exceptions, correlations between DIAB-Q psychological constructs were more highly correlated with the diabetes-specific measures than the general measure. Divergent validity was assessed by examining the correlations between all DIAB-Q scales 
construct validity
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DiAB-Q to measure diabetes-related cognitions and behaviors and the SF-36 PCS and MCS scores; all were low (range: 0.02-0.29), indicating that these patient-reported outcome measures assess different constructs. Convergent validity analyses showed that all prespecified expected relationships between similar concepts were borne out and significantly correlated (P,0.01; Supplementary material). Table 3 displays results for known-groups validity for Intention, Planning, and Behavior. Based on BMI categories, there were differences between groups on all three scales (all P#0.010). In general, those with lower BMI reported higher scores (ie, greater engagement in health behaviors) than those with higher BMI. Based on separate analyses comparing HbA 1c and disease severity categories, there were significant differences between groups for Intention (P,0.05), Planning (P,0.001), and Behavior (P,0.001), with those with less severe disease and lower HbA 1c levels showing greater engagement in healthy behaviors.
Known-groups validity
Minimal clinically important change
The MCICs ranged from 8-11 points for Subjective Norms, 6-9 points for Attitude, 6-9 points for PBC, 6-10 points for Intention, 6-11 points for Planning, and 7-12 points for Behavior (Supplementary material). These values allow an estimation of the amount of change for each scale that could be considered important to a respondent.
Discussion
The TPB is among the most widely used models for prediction of human behavior; 28 however, there are no established questionnaires based on the TPB that are specific to diabetesrelated self-care behaviors. Therefore, the DIAB-Q was developed using TPB question stems to measure self-care behaviors of specific importance for individuals with T2DM.
Results of the current study evaluated the content and clarity of the DIAB-Q and assessed the measurement properties of this TPB questionnaire. The DIAB-Q items were developed based on input from health care professionals and patients, as well as from various literature sources. Validated instruments were also used as a guide in the development of content relevant to self-care behaviors that are important for patients with T2DM, including the SDSCA, 17 SF-36 questionnaire, 18 and MDQ. 19 It is common to use item banks as a starting point rather than concept elicitation (eg, in the development of cancer qualityof-life measures by the European Organization for Research and Treatment of Cancer). [29] [30] [31] The DIAB-Q framework was based largely on validated guidelines and specific question stems set forth by Ajzen for constructing a predictive questionnaire using the well-tested TPB. 10 Participants for the current study were recruited from Harris Interactive and enrolled based on a self-reported diagnosis of T2DM. Our study was limited in that data were not collected for screen failures. In addition, Stage II respondents were not ethnically diverse (84% were Caucasian). It is important to note that the known-groups validity analysis was based on self-reported measures of body weight, disease severity, and HbA 1c levels. Different results may have been obtained if more objective measures were used (eg, if measures were provided by physicians instead of patient self-reports).
The TPB is a useful model for predicting health-related behavior, 12 yet a full operationalization of the theory for just one behavior could involve 50 or more items. In studies where multiple measures are required, this may represent an unacceptable burden on participants and study staff. The DIAB-Q provides a 17-item operationalization that assesses TPB constructs, planning (physical activity, dietary behavior, and weight loss), and self-reports of physical activity and dietary behavior. Thus, the DIAB-Q could be a useful tool to distinguish between individuals who are likely or unlikely Notes: scale scores range from 0-100, with higher scores representing a higher level of the psychological construct. § Mean values not sharing common superscripts are significantly different at P,0.05 based on Tukey's b post hoc. For example, under Behavior, the ,25 group is significantly different from all other groups (no shared letter), whereas there are no differences between the 30-39.9 and $40 groups (both share the letter "c"). Abbreviations: DiAB-Q, Diabetes intention, Attitude, and Behavior Questionnaire; BMi, body mass index; hbA 1c , glycated hemoglobin; sD, standard deviation.
Patient Preference and Adherence 2016:10 submit your manuscript | www.dovepress.com
Dovepress
221
DiAB-Q to measure diabetes-related cognitions and behaviors to perform self-care behaviors related to diet, exercise, and weight management. The American Diabetes Association Standards of Medical Care in Diabetes -2015, as well as several other guidelines, 1, [32] [33] [34] identify adherence to self-care behaviors as an essential component of standard diabetes and prediabetes care that can significantly improve outcomes and reduce costs. 1 Identification of gaps in patients' self-care attitudes and practices could allow health care providers to implement targeted, individualized diabetes self-management education, and support plans to help patients meet their medical needs, achieve their treatment goals, and have more positive life experiences. 1 In the future, it would be informative to test the DIAB-Q with a more diverse population of individuals with T2DM. It would also be interesting to look at additional parameterizations that evaluate intensity and duration of exercise. The DIAB-Q includes items assessing the number of days respondents exercised in the past week using a broad definition of exercise in the instructions, but duration and intensity of exercise may also be important when considering intentions, attitudes, and behaviors relevant to diabetes self-management.
Conclusion
The DIAB-Q is a newly developed tool to evaluate intention to engage in self-care behaviors, such as following a diabetes diet and engaging in physical activity. Tracking patient norms, attitudes, and intentions related to diabetes self-care activities may help health care professionals identify optimal T2DM management approaches that incorporate individuals' beliefs and preferences to maximize adoption and long-term maintenance of healthy behaviors.
